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Purpose: Hormone receptor expression (presence-
positive or absence-negative) may reflect different stages
of one disease or different breast cancer types. Determin-
ing whether hormone receptor expression represents one
or more breast cancer phenotypes would have important
paradigmatic and practical implications.

Methods: Breast cancer records were obtained from
the National Cancer Institute’s Surveillance, Epidemiol-
ogy, and End Results (SEER) database. The study included
19,541 non-Hispanic white women with node-negative
breast cancer. Standard tumor cell characteristics and
breast cancer-specific survival were analyzed by inde-
pendent estrogen receptor (ER+ and ER-), independent
progesterone receptor (PR+ and PR-), and joint ERPR
expression (ER+PR+, ER+PR—, ER-PR+, and ER-PR-).

Results: Age frequency density plots by hormone

cancer populations with early-onset and/or late-onset
etiologies. Independent ER+ and PR+ phenotype were
associated with smaller tumor sizes, better grade, and
better cancer-specific survival than ER— and PR— breast
cancer types. Joint ERPR phenotype exhibited biologic
gradients for tumor size, grade, and cancer-specific
survival, which ranked from good to worse for ER+PR+
to ER+PR- to ER-PR+ to ER-PR-.

Conclusion: Variations of standard tumor cell char-
acteristics and breast cancer-specific survival by hor-
mone receptor expression in white patients with node-
negative breast cancer suggested two breast cancer
phenotypes with overlapping etiologies and distinct
clinical features.
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receptor expression showed two overlapping breast

ONVENTIONAL WISDOM views breast cancer as a mal* Additionally, if tumor cells did drift from ER- to
multistep process with a spectrum of proclivities (or ER—, it is counterintuitive for ER- breast cancer to
stages); that is, one disease along a linear biologic pathwaiycrease with patient aging:*® Taken to its logical conclu-
from early to late tumor stagé$ Albeit the etiologic  sion, the spectrum model predicts that younger (not older)
mechanisms of breast carcinogenesis are not fully underwomen should have ER disease. Absent ER to ER—
stood, decades of research suggest an important role for thghenotypic drift would suggest that variations in hormone
reproductive hormones (especially estrogen) and their nureceptor expression represent different breast cancer types
clear receptor§® Presumably, the carcinogenic insult rather than different tumor stag&s?° Establishing whether
initiates genomic alterations in estrogen-sensitive breashormone receptor expression represents one or more breast
epithelium (estrogen receptor—positive, or £R and this  cancer types (or variants) has important paradigmatic and
insult is promoted by estrogen. BRtumor cells then drift  practical implications:?*-2
to estrogen insensitive (ER tumor cells™* In this model, To investigate putative breast cancer variants, we examined
ER+ to ER— phenotypic drift is a product of clonal patient age at diagnosis, tumor size, histologic grade, and
evolution and expansion, reflecting different tumor stagesoreast cancer survival by independent ER, independent pro-
rather than different breast cancer typés. gesterone receptor (PR), and joint ERPR phenotype. Results
However, ER expression may be a stable phenotype. suggested that hormone receptor phenotype reflects two types
Sequential ER assays generally do not showtBB ER— of breast cancer with early-onset and/or late-onset variants.
phenotypic drift from primary to metastatic breast carcino-
METHODS

Breast cancer records were obtained from the National Cancer
From the Division of Cancer Prevention, Office of Special Popula- Institute’s Surveillance, Epidemiology, and End Results (SEER) Can-
tion Research, and Division of Cancer Epidemiology and Geneticscer Incidence Public-Use CD-ROM, 1973 through 1996, August 1998
National Cancer Institute, Bethesda, MD. submission. The original breast.txt raw data file was imported from the
Submitted February 28, 2000; accepted July 18, 2000. Public-Use CD-ROM to SAS for Windows (Version 6.12, SAS
Address reprint requests to William F. Anderson, MD, MPH, Institute, Cary, NC), S-Plus 2000 for Windows (Statistical Sciences,
National Cancer Institute Division of Cancer Prevention, Room EPN Seattle, WA), and Statistica for Windows '99 edition (Version 5.5A,
211L, MSC-7322, 6130 Executive Blvd, Bethesda, MD 20892-71615tatSoft, Tulsa, OK). Collected from nine population-based cancer
email wanderso@ mail.nih.gov. registries, the SEER database includes 2.3 million cancer cases from
© 2001 by American Society of Clinical Oncology. representative American subsets comprising 9.5% of the United States
0732-183X/01/1901-18 population?” SEER did not gather hormone receptor data before 1990.
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This analysis was restricted to white women with node-negative breastompared time to overall and cancer-specific survivals between groups
cancer who were accrued during the years of hormone receptor collectiotny independent and/or joint hormone receptor expression.
From 1990 through 1996, there were 132,159 breast cancer records
in the Public-Use CD-ROM. This breast cancer cohort was sequentially RESULTS
filtered for the following: (1) female sex (& 131,306); (2) infiltrating
ductal carcinoma not otherwise specified (histopathologic code 8500; n Descriptive statistics by independent ER and independent

= 79,768); (3) one or first primary breast cancer only<68,801); (4) PR phenotypes yielded similar results (Tables 1 and 2,
microscopic confirmation (s 68,775); (5) American Joint Committee respectively). ER compared with ER and PR- com-
on Cancer tumor sizes T1-#8corresponding to SEER extent of pared with PR- were both associated with younger age at

disease codes 10 through 30 ¢ 63,309); (6) axillary lymph . .
node—negative breast cancer cases (#0,491); (7) tumor sizes 5.0 diagnosis, surrogate premenopausal status, larger tumor

centimeters (n= 37,871); (8) records with complete information for diameter, and poor histologic grade. Age frequency density
histologic grade (n= 29,671), ER expression (presence-positive or plots showed bimodal distribution with early-onset mode
absence-negative; 1 24,445), and PR expression (presence-positive or(or peak frequency) and/or late-onset mode (or peak fre-
absence-negative;= 23,483); (9) non-Hispanic white race £n19,541). uency; Fig 1). The vertical axis of each density plot

Study variables included standard tumor cell characteristics, patien . . .
age at diagnosis, tumor size, histologic grade, and hormone receptcﬁepresented smoothed estimates of the proportion of patients

expression. All study variables were stratified by independent ERWhO had breast cancer at the corresponding age at diagnosis
independent PR, and joint ERPR expression. Tumor size and age weien the horizontal axis. Early-onset peak frequency approx-
analyzed as continuous and categoric variables. Age less than 50 yeafigated the premenopausal age of 40 to 50 years, whereas
versus 5 years was a surrogate measure for menopausal stalug, e onget peak frequency occurred close to the postmeno-
Tumor size was divided into two groups: more than 2.0 centimeters

versus= 2.0 centimeters, corresponding to American Joint Committeepausal age of 70 years. The postmenopausal peak predom-
on Cancer stage IIA versus stage |. Histopathologic grading andnated in ER+, PR+, and PR- phenotypes, whereas the
differentiation were defined according to theernational Classifica- ~ premenopausal peak was dominant with-EBreast cancer.

tion of Diseases for Oncolodd 2): grade 1, well differentiated; grade Descriptive statistics by joint ERPR phenotypes are listed

2, moderately differentiated; grade 3, poorly differentiated; and gradqn Tables 3 and 4. A total of 66% (= 12,811) were

4, undifferentiated® Because grade 1 and grade 4 comprised less tha
0, = _ 0 =
20% of the breast cancer records, we collapsed histologic grade int R+PR+, 12.5% (n= 2,436) were ER'PR—, 3.4% (n

two categories, with grades 1 and 2 being considered a good prognost@63) were ER-PR+, and 18.6% (n= 3,631) were
group and grades 3 dn4 a poor category. SEER has no standard ER—PR—. Mean age at diagnosis was significantly differ-
definition or centralized laboratory to determine hormone receptorent (P < .001) by one-way analysis of variance for joint
expression. Depending on the assay used, each SEER site codes ER aé%PR profiles: 62.7 years for EFPR+, 65.1 years for

PR expression as presence-positive or absence-negative.
Student'st test for independent samples and one-way analysis ofER+PR_' 55.2 years for ERPR+, and 57.0 years for

variance were used to detect differences in mean ages at diagnosisR—PR—. All possible pairs of mean age were also
between groups defined by hormone receptor expres8iGontinuous  significantly different by Student’s test for independent

1-year age frequency distributions were generated with density plotssamples, after adjusting for multiple comparisons. Age
which were constructed with a smoothing method of the (:orresponding“,equency distribution density plots by joint ERPR status

age-at-diagnosis frequency histogréhsing the density function in . . .
S-Plus 200G? the density plot used a filter width of 10. The vertical are shown in Fig 2. The concordant ERPR pair (ERR+

axis for each density plot represented smoothed estimates of thand ER-PR—) demonstrated bimodal premenopausal and
proportion (or density) of patients who developed breast cancer at thgostmenopausal peaks. The postmenopausal peak domi-
corresponding age at diagnosis on the horizontal axis. Kolmogorovnated in the ER PR+ phenotype, whereas the premeno-
Smirnov statistics tested statistically significant differences betweerbausal peak was dominant in ERR— expression. The

age frequency distributior’. Kolmogorov-Smirnov statistics define . .
the maximum difference in the cumulative proportions of two nonpara—dIscord(jlnt ERPR pair (ERPR- and ER-PR+) had

metric distributions. Univariate and multivariate associations betweertiNimodal age frequency density plots. Frequency distribu-
hormone receptor expression and study variables were estimated wition was shifted to the right (towards late-onset or post-
odds ratios andP values. Logistic regression was used to derive menopausal ages) for BRPR—; peak distribution approx-

. " . : :
adjusted oddd* All P values were two-sided? values= .05 were imated 70 years of age. ERPR+ was the reciprocal of

considered statistically significant. . . S .
Outcome measures included overall survival and breast cancer—ER+PR_' that is, peak frequency distribution was shifted

specific survival. SEER’s vital status code established whether thdO the left (towards early-onset or premenopausal ages) with
patient was alive or dead. Cause of death was categorized as eith@eak frequency distribution between 40 and 50 years.

breast cancer—specific or non—breast cancer death. Overall survival was To further compare the age frequency distribution curves

defined as the interval between date of breast cancer diagnosis and daddgl independent and joint hormone receptor expression, we
of death from any cause. Breast cancer—specific survival was measure '

from the date of diagnosis to the date of breast cancer—specific deatr?.xa_lmmed the KOlmOQOrOV'Sm'r.nQV nonparametric test sta-
The Kaplan-Meier product-limit method estimated overall and breastlistics. The largest test statistic was observed when
cancer—specific survivals from 1990 to 199%tratified log-rank test ER+PR— was compared with ERPR+ (Kolmogorov-
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Table 1. Descriptive Statistics by Independent ER Expression

ANDERSON ET AL

ER+

ER—

Unadijusted
No. of Patients % No. of Patients % Odds Ratio P
Sample size 15,247 4,294
Mean age, years 63.1 56.7 <.001
Mean tumor size, cm 1.55 1.83 < .001
Univariate model
Age at diagnosis
< 35 years 189 1.2 157 37 4.64 <.001
35 to < 50 years 2,728 17.9 1,350 31.4 276 <.001
50 to < 65 years 4,718 30.9 1,424 33.2 1.69 < .001
65+ years 7,612 49.9 1,363 31.7 1.00
Menopause
< 50 years 2,917 19.1 1,507 35.1 2.29 .001
50+ years 12,330 80.9 2,787 64.9 1.00
Tumor size
>2.0cm 2,999 19.7 1,401 32.6 1.98 .001
=20cm 12,248 80.3 2,893 67.4 1.00
Histologic grade
Poor 4,431 29.1 2,777 64.7 4.47 .001
Good 10,816 70.9 1,517 35.3 1.00
Adjusted
Multivariate Model Comparison Odds Ratio* P
Menopause < 50 years v 50+ years 1.99 <.001
Tumor size >20cmv=20cm 1.41 <.001
Histologic grade Poor v good 4.01 <.001

NOTE. The logit estimator compared ER— with ER+.
*Adjusted odds ratio was derived with logistic regression.

Smirnov test statistic of 0.3366). The Kolmogorov-Smirnov had a greater impact on breast cancer—specific than overall
test statistic between ERand ER- was larger than the test survival. Kaplan-Meier plots for breast cancer—specific
statistic between PR and PR- (0.1996 and 0.0601, survival by hormone receptor expression are shown in Fig 3.
respectively). All Kolmogorov-Smirnov test statistics were ER+ compared with ER and PR+ compared with PR
statistically significant® < .001). showed improved survival. ER and PR+ had identical
Tumor size and histologic grade showed a type of doseancer-specific survival. There was a biologic gradient by
response (or biologic gradient) with joint hormone receptorjoint ERPR phenotypes for cancer-speciigrvival, with
expression, which were ranked from good to worse forworsening cumulative proportion surviving from ERR+ to
ER+PR+ to ER+PR- to ER-PR+ to ER-PR— (Tables ER+PR- to ER-PR+ to ER-PR-.
3 and 4). Age at diagnosis and surrogate menopausal status
showed no biologic gradient by ERPR phenotype. With DISCUSSION
multivariate modeling, all relationships remained statisti- Although there is abundant information concerning inde-
cally significant except for tumor size in the ERR+ pendent ER and PR expression, comparatively little is
group P = .314) (Table 4). known concerning joint ERPR phenotype. In part, this is
From 1990 to 1995, the median duration of follow-up was because there are relatively few ERR— tumors and even
31 months. Crude unadjusted overall survival was 92.7%fewer ER-PR+ cancers. Clark et & and other¥”*® have
There were 18,114 living and 1,427 deceased patients: 90Aoted varied hormonal expression by ER and PR phenotype
non—breast cancer deaths and 523 breast cancer deatlisboth early-stage and late-stage breast cancers. To further
Kaplan-Meier product-limit analysis demonstrated signifi- evaluate the importance of independent as well as joint
cant differences (log-rank ted?, < .001) for both overall hormone receptor expression in early-stage breast cancer,
and breast cancer—specific survival by independent ERwe examined the National Cancer Institute’s SEER popu-
independent PR, and joint ERPR profiles. Log-ragik lation-based database.
results were greater for cause-specific than for overall Independent ER and independent PRexpression were
survival, demonstrating that hormone receptor expressiomassociated with older age at diagnosis, smaller tumor sizes,
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Table 2. Descriptive Statistics by Independent PR Expression

PR+ PR—

Unadijusted
No. of Patients % No. of Patients % Odds Ratio P
Sample size 13,474 6,067
Mean age, years 62.3 60.3 <.001
Mean tumor size, cm 1.54 1.77 < .001
Univariate model
Age at diagnosis
< 35 years 173 1.3 173 2.9 2.52 <.001
35 to < 50 years 2,678 19.9 1,400 23.1 1.32 <.001
50 to < 65 years 4,199 31.2 1,943 32.0 1.17 < .001
65+ years 6,424 47.7 2,551 42.0 1.00
Menopause
< 50 years 2,851 21.2 1,573 25.9 1.30 .001
50+ years 10,623 78.8 4,494 74.1 1.00
Tumor size
>2.0cm 2,586 19.2 1,814 29.9 1.80 .001
=20cm 10,888 80.8 4,253 70.1 1.00
Histologic grade
Poor 3,860 28.6 3,348 55.2 3.07 .001
Good 9,614 71.4 2,719 44.8 1.00
Adjusted
Multivariate Model Comparison Odds Ratio* P
Menopause < 50 years v 50+ years 1.12 .004
Tumor size >20cmv=20cm 1.41 <.001
Histologic grade Poor v good 2.86 <.001

NOTE. The logit estimator compared PR— with PR+.
*Adjusted odds ratio was derived with logistic regression.

better histologic grade, and better breast cancer—specifiartifacts?* and imaginary’> However, in this analysis, the
survival than ER- and PR- disease. Age frequency density discordant joint ERPR phenotypes had distinct age fre-
plots showed mixed breast cancer populations, with overguency density plots and prognostic factor profiles.

lapping early-onset (premenopausal) and late-onset (post- The purest postmenopausal age frequency distribution
menopausal) breast cancer types#ERR+, and PR-had  was in the ER-PR— group, whereas the purest premeno-
dominant postmenopausal peaks, whereas BRd a dom- pausal pattern had ERPR+ expression (Fig 2). for
inant premenopausal peak (Fig 1). The trough between thep pr— expression, the mean age at diagnosis was 65.1

bimodal peaks may represent the so-called Clemmesengaars with a single peak frequency distribution of 70 years,

hook, the characteristic midlife dip in age-specific breastg;ijar to the age of greatest risk for sporadic breast

cancer incidence that is attributed to the female climacter-cance|27,4e For ER-PR+ expression, peak age frequency
ic.2%4°Purportedly, Clemmesen’s hook occurs at the junc i

. . . %istribution was between 40 and 50 years of age. Conse-
tion of declining premenopausal breast cancer incidence an

. . . uently, the oldest patients had a joint £RR— profile,
increasing postmenopausal breast cancer incidence. Th .

- . o ._Whereas the youngest women were in the-BHR+ group,
midlife drop approximated 58 years of age in this analysis.

It has been suggested that joint ERPR expression identﬁonS'Stent with the association of increased ER concentra-

fies breast cancer variants better than either independent EfonS with aging and 1|7nf7rjgsed PR concentrations with
or PR expressiof®2°25There may be general agreement premenopausal statds” Greater premenopausal lev

concerning concordant joint profiles (ERR+ and els of endogenous estrogens presumably induce PR expres-
ER-PR-), but the discordant pair (ERPR— and Sion. Therefore, because increasing ER level is associated
ER—PR+) has been problematic. EFPR+ represents With increasing age and increasing PR level is associated

hormone-responsive breast cancer, whereas BR- re- ~ With premenopausal status, it makes sense fof-PR—
flects hormone-insensitive tumdr%f‘l In  contrast, to include the oldest women while ERPR+ contains

ER+PR— and/or ER-PR+ have been characterized as the youngest patients. Intermediate mean ages and age
dubious discordant subséfsmutant pairs?>*® laboratory ~ frequency distribution patterns are in the concordant
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groups, with ER-PR+ women being older than are menopausal status showed no biologic gradients by joint
ER—PR- women. ERPR expression. Tumor size .0v = 2.0 cm) and grade
There is thus a complicated relationship between age apoor v good) increased, whereas cancer-specific survival
diagnosis and menopausal status, which is reflected by joirdecreased from ERPR+, ER+PR—, ER—-PR+, and
ERPR phenotypes. Menopausal status was a surrogaieER—PR—. The absence of a biologic gradient for age at
measure in this analysis, but the lowa Women’s Healthdiagnosis and/or menopausal status was due to the fact that
Study collected reproductive history as well as other epidethe oldest and youngest patients were associated with the
miologic risk factors from a self-reported questionn&fte. discordant joint phenotypes (Table 3), which had interme-
Sporadic breast cancer was highly associated withdiate cancer-specific survivals (Fig 3).
ER+PR—, whereas family history of breast cancer had its This analysis has several potential sources of error that
strongest association with ERPR+ profile. Similarly, a  could effect internal and/or external validity. First, hormone
case-control analysis in Japan reported that family historyreceptor assays were not carried out in a centralized labo-
was not associated with ERPR— expressior?® Loman et ratory. However, ER and PR assays are now obtained on
alP* also suggested that familial tumors with high levels of virtually every breast cancer patient and assay technology is
PR might compose a distinct subgroup of hereditary breasbecoming standardizeéd.Overall conclusions from a vari
carcinomas that are not related BRCAland/orBRCA2 ety of different laboratories using different assays have
All three studies are consistent with our observation for theusually been consisterit.It also seems highly unlikely that
oldest and youngest patients to be in thetHfR— and nine SEER sites would have differential hormone receptor
ER—-PR+ groups, given that sporadic and familial breast misclassification across the four ERPR phenotypes. We
cancers tend to occur in older and younger women, respeaerived some comfort from the fact that our joint ERPR
tively.?”*>%3The lowa Women’s Health Study described distribution was very similar to other American studies; that
joint ER+PR— expression as true sporadic breast cancersis, ER+PR+, ER+PR—, ER—PR+, and ER-PR- are
The ER-PR+ profile could be a familial equivalent. Future approximately 60%, 15% to 20%, less than 5%, and 15% to
etiologic studies should possibly focus on discordant ERPR20%, respectively®2®+'In contrast, our hormone receptor
phenotypes for analyzing sporadic and familial breast cancedistribution is strikingly different from a Japanese case-
Tumor size, grade, and breast cancer survival demoneontrol study, which noted that ERPR+, ER+PR—,
strated biologic gradients, whereas age at diagnosis anBR—PR+, and ER-PR— were 39%, 25%, 5%, and 31%,



HORMONE RECEPTOR EXPRESSION IN SEER DATABASE 23

< <
(=] .{ o
o o
[se] [se]
= ER+PR+ =
o o [S]
2 1o 2>
= 2 =
2 8 | b z g
e}
g o } § o
o]
& OO
— fe] Q —
o § % o
1= & o) 1=

0.00
0.00

20 40 60 80 100 20 40 60 80 100
Age-at-diagnosis in years Age-at-diagnosis in years
< <
<o o
(= (=]
[vp] [s0}
o o
o (<]
2 2
2 8 | a g |
O O L O
o a
o S
<] o
(o] (=]
o o
IS} T T T T " o b= T T r
20 40 60 80 100 20 40 60 80 100
Age-at-diagnosis in years Age-at-diagnosis in years

Fig 2. Age frequency density plot by joint ERPR phenotype.

respectively’*>*® However, joint ERPR distribution by Jap variation by joint ERPR phenotype especially for black
anese ethnicity in the SEER database is also different fronversus white women, but this will be the subject of another
the Japanese case-control study in Japan. There were 58&port. A future report could also incorporate node-positive
Japanese women with lymph node—negative breast cancer breast cancer patients.
the SEER 1973 through 1996 CD-ROM, and ERPR profiles A third concern relates to the fact that the SEER Public-
were 69.6%, 12.1%, 5.2%, and 13.1% for ERR+, Use CD-ROM does not include information pertaining to
ER+PR—-, ER-PR+, and ER-PR—, respectively. Japa- postoperative adjuvant treatment. Therefore, breast cancer
nese women in Japan and in America may have differenbutcome could not be adjusted for postoperative treatment.
breast cancers, or different ERPR phenotypes could havelowever, the observed biologic gradient (ERR+ to
been due to selection bias, because joint receptor status w&R+PR— to ER—PR+ to ER—PR-) is not only biologically
unknown in 60% of the Japanese cases in Japan. plausible but also consistent with previous studies. Wenger et
Second, our results may not be generalizable to the globai** reported in 1993 that S-phase fraction increased from
breast cancer population, because we examined a lympBER+PR+, ER+PR—, ER—-PR+, and ER-PR—-. S-phase
node—negative subset from the SEER population-baseftaction is strongly correlated with poor breast cancer progno-
database containing only non-Hispanic white women withsis®® Early Breast Cancer Trialists’ Collaborative Group also
infiltrating ductal carcinoma. We reasoned that early-stagebserved relative improvements in early-stage breast cancer
breast cancer in a single ethnic group would reduce latesurvival associated with adjuvant tamoxifen therapy, which
stage confounding of interrelated study variables such asvere ranked from good to worse for BEfRRR+ to ER+PR—
race, delayed breast cancer detection, socioeconomic status, ER—PR+ to ER—PR—.%" Additionally, hormone receptor
and so o % A preliminary analysis has confirmed racial status was first noted to be a predictor of cancer-specific
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Table 3. Descriptive Statistics by Joint ERPR Expression

ER+PR+ ER+PR— ER—PR+ ER—PR—
No. of Patients % No. of Patients % No. of Patients % No. of Patients %

Mean age, years 627 65.1 55.2 57.0
Mean tumor size, cm 1.54 1.62 1.63 1.87
Sample size 12,811 65.6 2,436 12.5 663 3.4 3,631 18.6
Age at diagnosis

< 35 years 156 1.2 33 1.4 17 2.6 140 3.9

35 to < 50 years 2,432 19.0 296 12.2 246 37.1 1,104 30.4

50 to < 65 years 3,975 31.0 743 30.5 224 33.8 1,200 33.0

65+ years 6,248 48.8 1,364 56.0 176 26.5 1,187 32.7
Menopause

< 50 years 2,588 20.2 329 13.5 263 39.7 1,244 34.3

50+ years 10,223 79.8 2,107 86.5 400 60.3 2,387 65.7
Tumor size

>2.0cm 2,428 19.0 571 23.4 158 23.8 1,243 34.2

=20cm 10,383 81.0 1,865 76.6 505 76.2 2,388 65.8
Histologic grade

Poor 3,547 27.7 884 36.3 313 47.2 2,464 67.9

Good 9,264 72.3 1,552 63.7 350 52.8 1,167 32.1

survival more than 20 years ago, before routine adjuvantonclusions concerning breast cancer etiology and early
systemic treatmenrt:*®Hormone receptor status is also known outcome effects, but late outcome results will require
to have prognostic value in node-negative patients who did nobng-term follow-up*®7* Therefore, our early survival 1e
receive systemic treatmefit/° sults must be verified with longer follow-up.

Fourth, the short median follow-up time of 31 months Notwithstanding these theoretical limitations, this is the
may not be adequate to detect long-term survival differ-largest node-negative population-based breast cancer anal-
ences in node-negative breast cancer. However, ER studigsis (n= 19,451) to ever simultaneously examine indepen-
with short-term follow-up (2 to 4 years) can yield valid dent ER, independent PR, and joint ERPR expression. Our

Table 4. Univariate and Multivariate Logistic Regression for Study Variables by Joint ERPR Expression

ER+PR— ER—PR+ ER—PR—
Odds Ratio P Odds Ratio P Odds Ratio P
Univariate model
Age at diagnosis
< 35 years 0.97 .871 3.87 <.001 4.72 <.001
35 to < 50 years 0.56 <.001 3.59 <.001 2.39 < .001
50 to < 65 years 0.86 .002 2.00 <.001 1.59 <.001
65+ years 1.00 1.00 1.00
Menopause
< 50 years 0.62 .001 2.60 .001 2.06 .001
50+ years 1.00 1.00 1.00
Tumor size
>20cm 1.31 .001 1.34 .002 2.23 .001
=20cm 1.00 1.00 1.00
Histologic grade
Poor 1.49 .001 2.34 .001 5.52 .001
Good 1.00 1.00 1.00
Multivariate model
Menopause, < 50 v 50+ years 0.60* <.001 2.46* <.001 1.75* <.001
Tumor size, > 20v=20cm 1.23* < .001 1.10* 314 1.57* < .001
Grade, poor v good 1.47* <.001 2.19* <.001 4.93* < .001

NOTE. The logit estimator compared ER+PR—, ER—PR+, and ER—PR— to ER+PR+.
*Adjusted odds ratio (derived with logistic regression).
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Fig 3. Breast cancer-specific survival by independent and joint hormone receptor expression.

results provide potentially important etiologic clues, clinical ER+PR+ and ER-PR— were associated with the best and
insights, and caveats: worst cancer-specific survivals, respectively.

1. Although mean age at diagnosis is commonly used to 3. The discordant joint ERPR pair (EFPR— and
describe breast cancer populations, population means a&R—PR+) had reciprocating unimodal late-onset and early-
sume normal frequency distributions. Our node-negativeonset breast cancer variants, which possibly represented pure
white breast cancer cohort had bimodal (not normal) agesporadic and familial breast cancer, respectively+HPR—
frequency distribution, and consequently, was also deand ER-PR+ had intermediate cancer survivals.
scribed with density plots. Notably, age frequency density 4. ER—-PR+ expression seemed to be a true rather than
plots by independent ER and PR expression suggested thahaginary phenotype or laboratory error.
there were two breast cancer types with overlapping early- In conclusion, variations of patient age at diagnosis, tumor size,
onset and late-onset modes (or peak frequencies). grade, and cancer-specific survival by independent and joint

2. The concordant joint ERPR pair (EF®PR+ and  hormone receptor expression posit two breast cancer variants with
ER—-PR-) was characterized by a mixture of early-onsetoverlapping early or late-onset etiologies and distinct clinical
(premenopausal) and late-onset (postmenopausal) bredshtures. The contemporary spectrum paradigm postulates that
cancer populations. Postmenopausal breast cancer dontireast cancer is one disease along a continuous biologic path-
nated the ERPR+ phenotype, whereas premenopausalway!* Our large-scale population-based observations suggest
breast cancer was dominant in the ERR— phenotype. that breast cancer is two diseases rather than one.
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